INTRODUCTION
-Tetracyano-p-quinodimethane [1] or more simply Tetracyanoquinodimethane (TCNQ) [2] has been the subject of frequent experimental and theoretical research [3, 4] since the discovery of electrical conductivity salts that form the radical anion TCNQ .with organic cations. The development of plane geometry electron acceptors and delocalized π-electron systems is a prerequisite in the development of charge transfer complexes [5] .
Tetracyanoquinodimethane (TCNQ) is a strong electron acceptor with a high electronic affinity ranging from 2.8 eV [6, 7] to 3.383 eV [8] due to the presence of cyano groups and the possibility of electron conjugation of the π system [9] . It is easily reduced to a radical anion (TCNQ .-) then dianion (TCNQ 2-). The substitution of hydrogen atoms by electro-donor groups (alkyl and alkoxy) or electro-attractor (halogen and cyano) causes a variation of the energy barrier. By adding these groupings, it is possible to reduce the energy barrier of the forbidden band, bringing the HOMO (Highest Occupied Molecular Orbital) and the LUMO (Lowest Unoccupied Molecular Orbital) closer to each other.
For example, the electro-attractor groups on a conjugated molecule have the effect of attracting the electron density towards them [10, 11] . They are able to stabilize a large electron density. As a result, the rest of the molecule becomes depleted of electrons, which lowers the energy of HOMO (Highest Occupied Molecular Orbital).
The main objective of this work is to exploit the predictive QSPR (Quantitative Structure-Property Relationship) model of the first reduction potential of Tetracyanoquinodimethane (TCNQ) developed in our previous work (F. Diarrassouba et al. [12] ). In fact, it is clearly a question of designing a series of new analogous Tetracyanoquinodimethane (TCNQ) molecules belonging to the applicability domain of this model that will electronically be capable of complexing with electron donors to form organic electrical conductive salts.
MATERIAL AND METHODS

Structure of the reference molecules
The new molecules were designed by replacing the hydrogen atoms of the reference compounds of our experimental database [12] with electro-donor and electroacceptor functions. The structures of these molecules as well as their first reduction potentials are summarized in Table 1 . Regarding the thermodynamic quantities of the formation, they have been calculated in the present work in order to understand the evolution of the thermodynamic stability and the property (first reduction potential) in function of the introduced groups. 
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Computational Theory Level and Software's
The gaussView 5.0 [13] software was used to represent the 3D structure and visualize the studied molecules. Then, the Gaussian 09 software [14] was used for optimization and frequency calculation at the temperature of 298.15 Kevin, 1 atmosphere as pressure and in vacuum. The theory level used is B3LYP/6-31G(d,p). As for 2D structures, they have been represented with chemsketch [15] .
Fragment method [16]
For the prediction of the properties of new compounds, the fragment method is qualitative. When a compound contains only fragments of the compounds of the database, the prediction of its property is reliable. On the other hand, if the compound contains unknown fragments of the database, the prediction is then doubtful.
Min-Max method [16]
The Min-Max method is based on the minimum (d min ) and maximum (d max ) values whose interval is denoted
Only the values of the descriptors of the compounds of the training set are considered. The prediction of the property of a new compound is reliable only when the value(s) of its descriptor(s) belongs to the corresponding interval D. Otherwise, the prediction will be doubtful.
After ranking in ascending the order of the values of the only descriptor of the compounds of the training set [12] , it follows that D=[3.3972-5.2544]eV
QSPR model used to predict the first reduction potential
The QSPR model used for the design of the new electron acceptors was developed in our previous work [12] . The equation of this model is the following with its statistical parameters and validations below:
(1) with EA the electronic affinity expressed in electronvolt (eV)
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Standard thermodynamic formation quantity
The results of the quantum calculation and the use of experimental data in the form of reference thermodynamic tables [17] make it possible to determine the standard values of the enthalpy ∆ f H 0 , the entropy ∆ f S 0 and the free enthalpy ∆ f G 0 of formation of the molecular system at 298.15 K under a pressure of 1 atm.
The calculation of molecular system enthalpy of formation is carried out according to the relation of J. W. Ochterski [18] :
where the last term of this relation is called enthalpy correction or increment. For simple elements, it corresponds to the heat involved during the heating of the atoms from 0 K to 298 K. These values are obtained experimentally relative to the standard state of the elements. As for the term ∆ f H 0 (M,0 K), it is determined from the following relation:
(3) x defines the number of atoms of species X in molecule M ∆ f H 0 (X,0 K) is an experimental value corresponding to the heat of formation of the atom X at 0 K.
The last term, ∑D 0 (M) corresponds to the atomization energy of the molecule M. This energy comes from the decomposition of one mole of the molecule into its constituent atoms. The calculation of ∑D 0 (M) is performed from the electronic energies (ε) of the constituent atoms and the molecule and the internal energy at 0 K called ZPE (Zero-Point Energy) of the latter according to the relation below:
The determination of the formation entropy at 298 K, ∆ f S 0 (298K) is made using the atomic entropy values S 0 (X,298K) from JANAF Thermochemical Tables [17] and the molecular entropy obtained by quantum computation. The proposed relation by J. W. Ochterski [18] for determining the entropy of formation of a molecular system is:
Knowing the enthalpy of formation and entropy of formation, the free standard enthalpy of formation is easily calculated by the relation: 
. Design of new electron acceptors based on tetracyanoquinodimethane (TCNQ) and Structure-Property Relationship (SPR) study
The QSPR model was used to predict the first reduction potential of a series of sixty (60) novel designed tetracyanoquinodimethane molecules codified HA_i with (1≤ i≤ 60) all belonging to its applicability domain. The structures as well as the different quantities are summarized in Table 2 . Table 2 that the electronic affinity (EA) values of the new compounds all belong to the interval D, which translates into reliable prediction. Also, the comprehensive designed Tetracyanoquinodimethane molecules have moderate oxidizing powers as all theoretical first reduction potentials are between -0.02 V and + 0.35 V (-0.02V ≤ E 1 theo ≤ +0.35V) [19] .
It is noted in
By comparing the redox potentials of the parent molecules ( Table 1) with those of the new molecules, it appears that the "grafting" of the different functions on the parent molecules has an influence on the redox potential. In the series of new molecules, positional isomers have virtually the same redox potentials. The position of the functions on the parent molecules therefore has no influence on the studied property. However, increasing these functions on any molecule in the series influences the redox potential. Overall, it is found that the oxidizing power of molecules increases with the increase in the number of electroattractors functions while it decreases as the number of electro-donor functions increases. In the case of the electro-attractor functions, the oxidizing power is more accentuated with the increase of the number of cyano function unlike the fluoro and chloro function. This observation is explained by the fact that the cy-ano group has a very attractive mesomeric effect, more important than an attracting inductive effect. When the electro-donor functions, the opposite case is observed. The electro-donor groups increase the stability of the molecules but attenuate the oxidizing power. Under these conditions, the very strong oxidizing power of a molecule can be attenuated by "grafting" the electro-donor functions. Also, the values of the standard thermodynamic quantities of formation of the new molecules are all negative. Negative values of enthalpy and free enthalpy indicate respectively an exothermic reaction and a spontaneous reaction. A negative value of the entropy indicates a decrease in the disorder. As a result, the formation of all new electron acceptors is spontaneous with heat release and disorder reduction under the temperature conditions of 298.15 K under 1 atm pressure in the vacuum. The negative value of the free enthalpy of formation thus reflects the existence and stability of new TCNQ molecules. Furthermore, the standard free enthalpy of formation decreases with the gradual introduction of the fluorine atom while it increases with the increase in the number of chlorine atoms.
Thus, the progressive addition of fluorine increases the thermodynamic stability of the molecules when it decreases with the gradual introduction of chlorine atom. The chlorine atom increases the oxidizing power of TCNQ faster than fluorine atom, but the latter stabilizes better thermodynamically. As these molecules are all new, it would be wise in the following to verify if this same conclusion is made for halogenated derivatives, cyano and methoxy of the experimental database.
Structure-Property Relationship (SPR) study of the halogenated derivatives, methoxy, cyano of the experimental database
To verify the consistency of our theoretical results, we studied the evolution of the redox property and the stability of halogenated derivatives, cyano and methoxy of our experimental database [12] . The selected structures are represented in Table 3 . -------------------------------------------------- 
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Globally, all electro-attractor groups increase the first reduction potential while the electro-donor groups attenuate the first reduction potential. In the case of the electro-attractor groups, starting from the molecules having the same numbers of identical substituents, it is noted that with the cyano group, the redox potential increases more rapidly. Regarding the chloro function, it increases the redox potential faster than the fluoro function. This is the case for TCNQ_21, TCNQ_22 TCNQ_33. In terms of thermodynamic stability, apart from chlorinated compounds, all the other compounds are stabilizing irrespective of the nature of the "grafted" function. However, the stability is more accentuated with the cyano group. Fluorine is more stabilizing than chlorine but it increases the redox potential more than fluorine. Hence, we exactly obtain the same trend as the theoretical results obtained during our work. This proves the consistency and reliability of our theoretical results as well as the performance of our developed QSPR model in our previous work. The electron acceptors designed in this work will electronically be capable of complexing with electron donors including tetrathiafulvalene (TTF) to form organic electrically conductive salts. They are therefore very promising for the field of organic electronics.
CONCLUSION
The sixty (60) electron acceptors molecules designed for this work have all moderate oxidative powers as their first reduction potentials are between -0.02 V and + 0.35V. The formation of each of these different molecules is spontaneous under the temperature conditions 298.15 K and under a pressure of 1 atm in the vacuum as the free enthalpies of formation are negative. Also, the formation reactions of these molecules are done with release of heat and decrease of disorder. The electro-donor functions are stabilizing by inductive effect but attenuate the oxidizing power of the molecules. On the other hand, the electroattractor functions increase the oxidative power of the TCNQ but the oxidizing power is more pronounced for the cyano group. Regarding chlorine, it increases the oxidizing power more than the fluorine. In terms of thermodynamic stability, the cyano group and the fluorine stabilize the molecules but the cyano group is more stabilizing. On the other hand, the "grafting" of chlorine on the molecules increases the free enthalpy of formation. This leads to a destabilization of the molecules. Therefore, we can assume that the new designed acceptors are potential candidates for the field of organic molecular electronics. Thus, they are very promising for developing future conductive organic materials.
